The paper preseots thtd seasonal variations and distribution of atmospherio'density in the upper air over Indian region. The study reveals the density gradient has a down slope from North to South during winter and South to North, upto 200 mb level in summer. At 850 mb level the ieopycnir: lines form tl shallow trough over East aoast and at 700 mb level over Bombay-Poona region while over the rest of the country the isopy 'nice show no spacial fcaturea: At 500 mb level there is a well marked trough of density over North Western India. Above 200 mb level an altogether di-'ertmt picture throughout the year is noticed.
One of the meteorological parameters which has received scant attention in the field of Indian meteo-. rological literature is the study of upper air density and variations in it in different seasons. It is well known that density is directly proportional to pressure. The latter has been thoroughly investigated and plays a key role in the field of Meteorology. The authors' attention was drawn to the study of density variation in the upper-air of India in the course of studying the variation in thunderstorm frequencies over North India, The mean monthly data given in Normals of Climat-Temp. based on radiosonde data. for the years 1951-65 were used in this study1. The data relate to the mandatory levels, like surface, 850 mb, 700 mb, 500 mb, 300 mb, 150 rnb and 100 mb and those for-14 stations in Indian: sub-continent have been used in this study.
T H E O R E T I C A L C O N S I D E R A T I O N S
It is well-known that the density equation p = PIRT is valid for completely dry air. But in the atmosphere water vapour will alway5 be present. Therefore, the total presswe of a parcel of unsaturated air may be regarded as the sum of the partial pressure which would be exelted by the dry air and the water vapour independently.
Since the value of gas constant for water vapour is 815 times that of dry air, the density of water vapour is given by the formula p, = 5e/8RT wherein e=vapour pressure in mb. Density of dry air is given by the equation, pd = p -e/ltT. Thus the density of a parcel of unsaturated air or a parcel of mixture of dry air and water vapour can be written as : -
3e --T ( P -
where p , = density of unsaturated air in gm/m3, R = gas constant, T = tehp in K O and p = pressure in mb.
Starting with this generalised form of equation, air densities from surface upto 100 mb level were computed for 14 stations for twelve months. For such computations, the monthly means of pressure,.
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dew point and temperature data given at each standard pressure level were used. The results of the computer programme showing variations in mean monthly upper air densities for all these stations are given, ssparately for each level, in Tables 1 to 8 . Locator map of the stations, data of which has been used in the analysis is given in Map 6. , 
Density Distribution in Winter Months -i J
Consequent upon the movement of the sun towards the Tropic of Capricorn after 22 Sept. the summer monsoon of the Indian sub-continent withdraws and the seasonal monsoon over North India disappears. Hence, the normal pattern of north-east trades in the lower troposphere and upper westerlies aloft in the middle troposphere sets in. This fact is well reflected in the density pattern that develops over India from October onwards. The dry winds with lowcr temperature settle over the country, as the dmsity is inverszly proportional to temperature the upper air densities show a continuous increase at all levels up to 200 mb. The highest demity values are registered in Dec./Jan. at Amritsar from surface upto 200 mb level and level to level, the lowest values of density are at Trinndrum, thus establishing the fact that there is a coatinuous slops in density from North 'to South at the same constant pressur,: surface across the Indian sub-continent. , ---, Tables 9 & 10 give the range in variation of upper air density values for coastd and inla& stations re%-pectively. These tables reveal the fact that the range starts widening from November to January at d l levels for coastal stations. But similar widening is noticed f o~ in1and;stations from October itself at all levels. Another interesting feature is that at the coastal stations the largest variations in this range are recorded from surface up to 300 mb level in January; but for inlanil dtations, the same are rec0l-M from surface upto 700 mb level in February and Prom 500 to 200 mb levels in January. For the coastal stations, there is no appreciable widening in the range of density variation above 300 mb level for the months, OC- tobv to March. This total absence of the impact of witlter over the density distribution is notiad poi . 37 in1an.d stations from 150 mb level and upwards. As there is little variation in temperature in East-West, direction over India during winter months, an attempt was made to compute a rate of change in density per one degree change i_n temperature along a Ndrth-South axis, which stretches from Trivandrum to Amritsar. The ~esults are given in Table 11. . . The Table 11 shows that the dendty gradient reaches its maximum in November at 850 and 750 mb T levels, but it does so at 500 mb level in October. It is curious to note that from Novembsr to ~e b r u a r~, there is no variation in density gradien.t at 500, 300, 150 an.d 100 mb levels. But the gradient shows a decreasin.g tendency at 850 and 700 mb levels and rising tendency at 200 mb level during the same months. It is possible to infer from this fact the cold north-westerly d;aughts continue to penetrate southwards at 850 and 700 mb levels during winter and that they seem to have no effect at levels higher than these. In the month of March, the density gradient is high and equal to that in November at 850 mb level, shows little change from its February value a,t 700 mb and shows a sudden fall from February value at 500 and 200 mb levels; but remains constant at 300 mb level. Tables 1 & 2 show that along the west and east coasts, there is a tendency of increase in density from south to north from October to March at all levels; At 200 mb level, the same trend is noticed only from October to December; but from January to March, this trend is reversed as Madras and Trivandrum record the highest values in mean monthly density and then there is a progressive decrease from south to north. For inland stations, the highest values of mean monthly densities are registered at AmritsarINew Delhi during the winter season and these values decrease southwards, thus creating a down slope from north to south and facilitating divergence in upper winds at all levels. At 200 mb level, maximum density values are recorded in January and February either at Ahmedabad or Allahabad, thus suggesting that the south-north axis of density gradient tilts westwards or eastwards. In March and April no such tilt is noticed in the position of this axis. 
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.Density Distributim in Summer Monsoon Months
Consequent upon the crossin-g of equator by the Sun on 22 March and its northward movement, the Indian sub-continent starts warming up and the initial impact of the unstable conditions produced by this seasonal change is reflected in the sudden decrease in the mean monthly density values for April for all stations and at all levels.. The north-south axis representing the density gradient assumes different positions atdifferent levels, stretchingjfrom Veraval to Nagpur at surface, from Gauhati to Nagpur at 850mb from Gauhati to Veraval at 700 mb, from Amritsar to Trivandrum at 500 and 300 mb level, and from Amritsar to Calcutta at 200 mb level. The den.sity gradient between Trivandrum and Amritsar for this month is zero at 850 mb level. This shows that there is a weakening in the influence of dry and cold westerlies at Amritsar which in turn may indicate that the process of disintegration of sub-tropical westerly jet may be beginning at this revel a~l d then spreading upwards as the summer advances. The density gradient between these two stations however, shows an increase ovel March values at 700 and 500 mb levels.
I n M;~, the effect of,Ondian summer is cleaGy shown by the continued fall in mean monthly density values for all stations and at all levels upto 200 mb. Trivandrum is the only exception at 850 and 700 mb level to this general pattern since the density values rise at 850 mb and show little change at 700 mb level. If analysis of variation in density is confined to coastal stations, different pattern seem to emerge at different levels. .At the surface levels, Trivandrum stands out as the only station in which the monthly mean density values show a steep rise in June and then these values remain unchanged upto September. For other coastal stations, whether situated on east or west coast, there is a fall in mein monthly density value. in June from that in May and then there is a continuous rise from July to Sept. At 850 mb level, there is a continuous increase in these values from May to September. At 700 mb level, except Veraval on the west coast and Calcutta on the east, the rest of the stations follow the pattern noticed at 850 mb level. In both Veraval and Calcutta the monthly mean density values for June is lower than that in May-and then this value starts increasin.g from June to September whereas it shows little change in July and August from the June value. At 500 mb level, at,Trivandrum values show a continuous increase from May to July and then a slight fall in August and September and in Madras, there is no change in values from May to September. In Bombay, there is a steady fag in these vdues in June, July and August and an increase in September whereas in Veraval and Vizag, there is a slight fall in July and no change in August from its July value and slight rise in September. In Calcutta, there is a fall in derrsity values in July, and slight change in August and a rise in September. The same pattern of fall in values in June, lithe or no change .in ~u l y and August and an increase in September is noticed at 300 and 200 mb levels except in Trivandrum and Madras, where there is a steady rise in these values from May to September.
For'inland stations, the impact of the summer monsoon season produces different patterns. At the 5urface level, except Nagpur, all other stations show4bfall in density in the month of June and then a continuous rise from Jury to September. At 850 mb level, only New Delhi, Amritsar and Gauhati show a fall in the values. Jodhpur shows little change and Nagpur, Allahabad and Ahmedabad show an actual increase in June value, which confirms the fact that the monsoon has not reached either the extreme n~r t h -~a~t or north-west parts of India till the end of June. At 700 mb level, the pattern of a fall in June from its ~a j r value and a continuous and steady rise from July to September is followed by all these stations except Nagpur which shows a continuous rise from May to 'September. At 500 mb level, the picture changes abruptly showi& that at all stations, there is a continuous fall from May to July, July values for all stations at this level are the lowest in this season and the remarkable fact is that from Gauhati in the east to Amritsar ,in the north-west and from Ahmedabad near west coast to Nagpur in the inland part of the country. values at these levels and a rise in September.
C L I M A T O L O G I C A L S I G N I F I C A N C E OF V A R I A T I O N I N U P P E R A I R D E N S I T Y
From a study of temperature at different levels, during the southwest monsoon season, it has been established that they are high over no~th-western and northern India and level to level, they steadily decrease southwards right upto Trivandrum. In consequence of this temperature gradient an upward slope ofisopycnic surfaces towards south is created at all levels upto 200 mb level throughout the latitudinal extent of India. It is seen from Map 1, that at 850 mb level, there is considerable packing of isopycnic lines over Saurashtra and west Rajasthan area. There is a steep fall in density of 20 gm per cubic metre from Veraval to Amritsar, thus bringing out the fact that the dry, hot and sandy surface in Rajastplan affects the density distribution at this height which in turn indicates rapid changes in temperature distribution over the surface. Over the rest of north India, the isopycnic lines present no striking feature. Over peninsular India, the \ -C 39 * packing of lines along the west ooast and western parts opthe Deccan plateau, again shows steep variation in density at this level. This obviously suggests the$ossibilit~ of rapid changes in temperature-and mixing , ratio (which is the amount of water vapour per kg of dry air). The Table 12 giving temperature and mixzg ratios for July and August willQbe useful in this connection. ,The Table 12 shows clearly that _there is a density gradient across peninsular India as amount of watir vapour increases from west to east. The isopycnic lines form a shallow trough near the east coast over Madras-Vizag aegion. To understand this phenomenon again examination of the temperature_a?d mixing ratios along and off the east coast will be necessary. than the eastern coast and the amount -of water vapour over there is much less than that on the eastern coast. It is moreover, remarkable to note that from Nagpur to the eastern coastal region delimited by such far-flung stations like Madras and Calcvtta, the atmospheric temperature and density at 850 mb level show little variation.
At 700 mb level, (Map 2) no such density trough appears over the eastern coast; but instead, a shallow trough over Central Maharashtra is noticed. The Table 14 for temperature and mixing ratio at this level for Bombay, Poona and Nagpur helps in understanding the reason for this shallow trough. The progressive increase in the amount of water vapour from Bombay, Poona to Nagpur explains the reason for the shallow trough at this level. At 500 mb level (Map 3) the whole of North India is encompassed by a single isopycnic line. The air density from Amritsar towards Jammu and Kashrnir shows a steady -increase and also from Nagpur southwards the air density shows again a steady increase. Again at 300 mb level, (Map 4) the picture of the density distribution over India shows considerable change. It shows a well marked low over North-West India and there is, in close proximity, density slightly increases over Jammu and Kashmir. South of this low too, the density distributions show a continuous rise in density. Progressive rise in density from Amritsar northward and southward brings out the existence of a density trough over northwest India around this level. Over peninsular India, there is a shallow density low over BombayPoona region and then there is a steady increase in density southward. At 200 mb level (Map 5) no density trough appears over northwestern India and density values show a steady increase from north to south over the whole of India except for a shallow around Poona. ~t is a curious fact that from the middle level of mid-troposphere i.e. from 500 mb level, the density pattern changes both upwards into upper troposphere and downward into the middle and lower troposphere. But the density distribution at 500 mb level presents a flat and featureless picture over North India with no stricking aspect about it. Dr. Pisharoti2 states that during the monsoon over India, the temperatures are high over the southern edge of the Himalayan massif and level for level, steadily decrease southward at least upto Ceylon. This horizontal temperature gradient towards -the south produces a thermal wind leading to a steady decreslse of the peninsular westerlies with height; by
